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Abstract: 

Disclosed herein is a solid electrolytic capacitor with organic semiconductor 
which comprises a capacitor element (1), a solid electrolyte layer formed by 
heating and melting TCNQ complex salt (6), impregnating the TCNQ salt into the 
capacitor elemental) and thereafter cooling and solidifying the same, a powder 
coating layer (9) formed to cover an upper portion of the capacitor element (1) 
through a clearance, and a sealing resin layer (1) covering the powder coating 
layer (9) for sealing the capacitor element (1 ). 
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Description 

Semiconductor and Method of Manufacturing the Same 
5 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a solid electrolytic capacitor with an organic semiconductor electrolyte 
10 and a method of manufacturing the same, and more particularly, it relates to a solid electrolytic capacitor with 
organic semiconductor having an electrolyte of 7,7,8,8-tetracyanoquinodimethane (hereinafter referred to as 
TCNQ complex salt) and a method of manufacturing the same. 

Description of the Background Art 

15 

Japanese Patent Publication Gazette No. 62-52939 (1987) discloses application of an organic semicon- 
ductor, particularly TCNQ complex salt, to a solid electrolyte for a solid electrolytic capacitor. Fig. 3 is a sec- 
tional view showing such a conventional solid electrolytic capacitor. Referring to Fig. 3, organic semiconductor 
powder 26 which is prepared from TCNQ complex salt is contained in a case 25 of a heat conductive material 

20 such as aluminum, under an appropriate pressure. The organic semiconductor powder 26 is melted and lique- 
fied at a temperature of 250 to 300°C, and a previously heated capacitor element 21 is dipped in the liquefied 
TCNQ complex salt 26, to be impregnated with the TCNQ complex salt 26. Then, both the capacitor element 
21 and the case 25 are quenched. Thereafter non-flexible thermosetting resin such as epoxy resin is filled 
into an opening portion of the case 25 and left under a temperature of 85 to 105°C for a long time to be hard- 

25 ened, thereby forming a sealing resin layer 27. The anode of the capacitor element 21 is made of forming foil 
of a metal, such as aluminum, tantalum or niobium, having a valve action. On the other hand, the cathode is 
prepared from foil of such a metal, which is not chemically converted. A spacer sheet is inserted between the 
anode foil member and the cathode foil member, and this material is rolled to form the capacitor element 21. 
An anode lead wire 22 and a cathode lead wire 23 are connected to the capacitor element 21. Lead bosses 

30 24 are provided on connecting portions of the anode and cathode lead wires 22 and 23. 

In such a conventional solid electrolytic capacitor, the capacitor element is sealed with the non-flexible 
thermosetting epoxy resin. In order to apply such a capacitor containing TCNQ complex salt to a surface mount- 
ing part, a soldering step is inevitably required. However, the conventional solid electrolytic capacitor cannot 
withstand thermal stress of about 230°C which is applied in the soldering step, and causes characteristic de- 

35 terioration such as significant increase of a leakage current. 

This is conceivably because the interior of the capacitor element is impregnated with the epoxy resin since 
the conventional capacitor of this type is sealed with the thermosetting epoxy resin, and hence the organic 
semiconductor serving as a solid electrolyte reacts with the epoxy resin to cause the characteristic deteriora- 
tion. 

40 Further, stress may be applied to an oxide film due to contraction caused by hardening of the epoxy resin 

which is impregnated into the interior of the capacitor element and expansion caused by heating in the soldering 
step, to increase the leakage current. In a step of voltage treatment (aging), or before and after the soldering 
step, the epoxy resin adhering to the oxide film which is formed on the aluminum foil member provided in the 
capacitor element and the hardened TCNQ complex salt is thermally expanded or contracted by an abrupt tem- 

45 perature change (heat shock). At this time, the non-flexible epoxy resin applies stress onto the oxide film which 
is formed on the aluminum foil member and the TCNQ complex salt. Thus, the oxide film and the hardened 
TCNQ complex salt may be damaged, to cause increase of the leakage current. 

In a method capable of solving the aforementioned problem, the capacitor element is covered with resin 
such as denatured acrylic resin or urethane resin. Fig. 4 is a sectional view showing such a capacitor. Referring 

50 to Fig. 4, a capacitor element 31, which is impregnated with TCNQ complex salt 36, is covered with a resin 
layer 38 such as denatured acrylic resin or urethane resin. This resin layer 38 is covered with an epoxy resin 
layer 37, which is left under a temperature of 85 to 105°C for a long time to be hardened. When denatured 
acrylic resin is employed, the characteristics are certainly improved in a heat test, but such improvement is 
still insufficient. Further improvement of heat resistance is strongly awaited. 

55 An aluminum solid electrolytic capacitor employing TCNQ complex salt has excellent frequency and tem- 
perature characteristics, which are extremely superior to those of a conventional dry type capacitor. 

With recent miniaturization of electric devices, a surface-mountable product is strongly required in relation 
to a capacitor employing TCNQ complex salt. However, as hereinabove described, such a capacitor cannot 
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withstand the thermal stress applied in a soldering step, which is requisite for application to a surface mounting 
part Thus the leakage current is disadvantageously increased. In such a capacitor employing TCNQ complex 
salt, therefore, improvement in heat resistance is strongly awaited. 

* w 8 "^ 2 V < 9 . 16 disdoses a capacitorwherein a capacitor element comprising a rolled anode foil/separator 
sheet/cathode foil assembly is impregnated with a molten TCNQ complex salt, which is then cooled and soli- 
dified. The capacitor element is sealed in a case the opening of which is sealed with a resin layer. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a solid electrolytic capacitor with an organic semiconductor 
electrolyte having excellent heat resistance, whose leakage current is hardly changed by thermal stress applied 
in a soldering step, and a method of manufacturing the same. 

A solid electrolytic capacitor with an organic semiconductor electrolyte according to the present invention 
is characterized by the features of claim 1. It comprises a capacitor element, a solid electrolyte layer impreg- 
nated into the capacitor element, a powder coating layer covering an upper portion of the capacitor element 
through a clearance, and s sealing resin layer covering the powder coating iayer for sealing the capacitor ele- 

In the capacitor according to the present invention, the capacitorelement is formed by inserting a separator 
sheet between an anode foil member which is provided with an oxide film on its surface and a cathode foil 
member which is made of the same metal as the anode foil member, and rolling this material 

In the capacitor according to the present invention, the solid electrolyte layer is formed by heating and melt- 
ing TCNQ complex salt having electric conductivity applicable to an electrolyte for a capacitor, to be impreg- 
nated into the capacitor element and thereafter cooling and hardening the same. 

The anode foil member forming the capacitor element which is employed in the capacitor according to the 
present invention is provided with an oxide film on its surface. This oxide film can be formed by anodized form- 
ing or anode chemical conversion. The anode foil member is preferably made of a metal having a valve action 
Such a metal material may be prepared from aluminum, tantalum or niobium, for example 

The sealing resin layer employed in the capacitor according to the present invention may be prepared from 
epoxy resin, for example. 7 y v 

The TCNQ complex saltforming the solid electrolyte layer employed in the capacitor according to the pres- 
ent invention may be prepared from an equal-weight mixture of N-phenethyllutidinium (TCNQ), and N N-pen- 
tamethylene (lutidinium) 2 .(TCNQ) 4 . Alternatively, the TCNQ complex salt may be prepared from N-n-propyl- 
qumoline. N-ethylisoquinoline. N-isopropylquinoline or N-n-hexylquinoline. 

Inthe capacitor according to the present invention, the powdercoating layer is provided onanupperportion 
o the capacitor element preferably through a clearance. Therefore, no reaction takes place between the solid 
electrolyte layer and the resin. Further, it is possible to prevent the capacitor element from mechanical stress 
which is caused by contraction of the resin in a hardening step and expansion of the resin in a heating step 

A ^.ngtoaf.rstembodimentofthecapacitorofthepresentinvention.thepowdercoatinglayercontains 
inorganic powder or an inorganic compound having a melting point of at least 230X. The inorganic powder 
may be prepared from activated clay, activated carbon, diatomaceous earth or activated alumina, forexample 

The powder coating layer may be prepared from resin such as epoxy resin, acrylic resin or polyester resin' 

According to the first embodiment, the time for hardening the melted powdercoating material is so reduced 
that it is possible to completely harden the coating material before the same is impregnated into the capacitor 
element Thus, substantially no resin is contained in the capacitor element and the powder coating layer can 
be provided on the upper portion of the capacitor element through a clearance. 

The inorganic powder is preferably prepared from a porous material such as activated clay, activated car- 
bon datomaceous earth or activated alumina. This is because such a porous material adsorbs various gases 
which are generated through heat in a soldering step etc., thereby suppressing pressure increase in the ca- 
pacitor. Thus it is possible to substantially prevent deterioration of the oxide film and a defective sealing state 

Amethod of manufacturing a solid electrolytic capacitor with an organic semiconductor electrolyte accord- 
ing to the present invention comprises a step of preparing a capacitor element by inserting a separator sheet 
be ween an anodefoil member and a cathodefoil member which is madefrom the same material as theanode 
foil and rolling this material, a step of heating and melting in a case for the capacitor element a TCNQ complex 
salt having electric conductivity applicable to an electrolyte for a capacitor and impregnating the same into the 
capacitor element a step of forming a solid electrolyte layer by cooling and solidifying the impregnated TCNQ 
complex salt, a step of forming a powder coating layer covering an upper portion of the capacitorelement, pre- 
ferably through a clearance, and a step of forming a sealing resin layer for covering the powder coating layer 
and sealing the capacitor element. 7 
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According to the first embodiment of the method of the present invention, the powder coating layer is 
formed by a coating powder, preferably a coating material mixed with inorganic powder. The inorganic powder 
can be prepared from the aforementioned material. 

According to a second embodiment of the method of the present invention, the sealing resin layer is heated 

s and hardened at a temperature lower than the melting temperature of the powder coating material. After the 
sealing resin layer is hardened, the powder coating layer is heated, melted and hardened. 

The powder coating material preferably contains no volatile dispersion medium. According to the second 
embodiment, it is possible to easily form a space in the interior of the capacitor. Due to presence of such a 
space, the element is prevented from the general problem of influence exerted by contraction or expansion 

10 of the coating resin layer caused by thermal stress which is applied in the soldering step. Consequently, it is 
possible to suppress increase of the leakage current based on such thermal stress. 

According to a third embodiment of the method of the present invention, the powder coating layer is melted 
under steam of at least 1 atm. According to the third embodiment of the present invention, melted and liquefied 
TCNQ complex salt is impregnated into a capacitor element, and then cooled and hardened. Thereafter the 

15 capacitor element is coated with a powder coating material. At this time, the powder coating material is melted 
and hardened under steam of at least 1 atm. The powder coating material preferably contains no volatile dis- 
persion medium. Under such steam of at least 1 atm., the atmosphere temperature exceeds 100°C, to heat 
the powder coating material up to its melting temperature. In the third embodiment, it is predicted that water 
molecules act on the TCNQ complex salt. For example, TCNQ, which is a radical part of the TCNQ complex 

20 salt, induces disproportionate by Joule heatorthe like, to form P-phenylenedimalononitrile. Further, it is con- 
ceivable that y-A? 2 03'H 2 0 (boehmite) or the like isformed by an action of the high-pressure steam on the anod- 
ic oxide film of the capacitor element, thereby sealing a defective portion of the anodic oxide film. According 
to the third embodiment, it is conceivable that a leakage current can be extremely reduced by such an action 
after a high-temperature soldering step. 

25 The foregoing and other objects, embodiments and advantages of the present invention will become more 
apparent from the following detailed description of the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

Fig. 1 is a sectional view showing an example of a solid electrolytic capacitor with organic semiconductor 
according to a first embodiment and a third embodiment of the present invention; 
Fig. 2 is a sectional view showing an example of an organic semiconductor electrolytic capacitor according 
to a second embodiment of the present invention; 
35 Fig. 3 is a sectional view showing an example of a conventional solid electrolytic capacitor with organic 
semiconductor; and 

Fig. 4 is a sectional view showing another example of a conventional solid electrolytic capacitor with or- 
ganic semiconductor. 

40 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Example 1 

Example 1 is in accordance with a first embodiment of the present invention. An anode aluminum foil mem- 
45 ber and a cathode aluminum foil member are rolled with a separator sheet of Manila paper which is inserted 
therebetween, to form a capacitor element This capacitor element is impregnated with a solid electrolyte which 
is prepared from an equal-weight mixture of N-phenethyllutidinium(TCNQ) 2 and N,N-pentamethylene(lutidi- 
nium) 2 (TCNQ) 4 . 

Referring to Fig. 1, a chemical conversion liquid is used to repair a section of an anode foil member of a 
50 capacitor element or a defective portion of an oxide film by applying a voltage which is substantially identical 
to an anode chemical conversion voltage. Then, heat treatment is performed at about 240°C in order to reduce 
the diameter of the separator sheet, thereby carbonizing the separator sheet. These steps are repeated by two 
or three times. 

Powder 6 of TCNQ complex salt is introduced into a cylindrical aluminum case 5, and this case 5 is placed 
55 on a hot plate, which is maintained at a temperature of 300 to 320°C, to be heated. The case 5 is adapted to 
finally define a case for the capacitor. Due to such heating, the TCNQ complex salt 6 which is contained in the 
case 5 is melted and liquefied. Then, the previously prepared capacitor element 1 is dipped in the liquefied 
TCNQ complex salt 6 which is contained in the case 5, to be impregnated with the TCNQ complex salt 6. 
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Then, the case 5 is immediately quenched to solidify the TCNQ complex salt 6. Thus, the capacitor element 
1 is impregnated with the liquefied TCNQ complex salt 6, which in turn is recrystallized by the quenching, to 
form a solid electrolyte exhibiting high electrical conductivity. 

Then, a powder coating material or a mixture 9 of a powder coating material and an inorganic material is 
5 introduced into the case 5 to substantially fill up the case 5, and then held at 125°C. Thus, the powder coating 
material is melted and solidified. After the powder coating material is solidified, epoxy resin 7 is injected onto 
the powder coating layer, to seal the opening portion of the case 5 by double coating. Further, the epoxy resin 
7 is solidified at a temperature of about 1 05°C, to form a solid electrolytic capacitor. This capacitor is directed 
to application of a rated voltage (aging) at 125°C for 1 hour. 
10 Table 1 shows results of reflow tests which were made on inventive and conventional samples of solid 
electrolytic capacitors. The reflow tests were made through reflow furnaces at 160°C for 2 minutes and at 
230°C for 30 seconds, in consideration of heat applied in soldering steps. 



Table 1 





Sample 


Initial Value 


After Reflow Test 


20 


L. C./ 






L.C./ 








After 15 sec. 


E.S.R 


Ac/c 


After 1 min. 


E.S.R 


25 


1-A 


0.03 


320 


-1.3 


0.08 


321 




1-B 


0.03 


320 


-1.5 


0.07 


320 


30 
















1-C 


0.03 


331 


-1.2 


0.05 


333 




1-D 


0.02 


315 


-1.6 


0.03 


318 


35 
















1-E 


0.03 


340 


-1.4 


0.04 


345 i 




1-F 


0.03 


348 


-1.6 


0.03 


351 


40 
















1-G 


0.03 


315 


-1.8 


0.03 


318 




1-H 


0.05 


353 


-2.1 


10.5 


405 


45 
















1-1 


0.0A 


361 


-3.6 


0.81 


413 



50 

Referring to Table 1, the samples were prepared from capacitors having rated voltages of 25 V and ca- 
pacities of 1 uF f and symbols appearing therein represent the following values: 
AC/C: rate of change of capacitance (%) 

L.C: leakage current (uA) 

55 E.S.R.: equivalent series resistance (mn) at 1 00 KHz 

Referring to Table 1, the samples 1-A to 1-G were prepared in accordance with the present invention. The 
samples 1-H and 1-1 are conventional samples. 

Table 2 shows powder coating materials (primary sealant) and sealing resin (secondary sealant) employed 
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for the respective samples. 

Table 2 



Sample 


Primary Sealant 


Secondary 
Sealant 


1-A 


epoxy powder coating material 


eDOxv 
resin \ 


1-B 


polyester powder coating material 


do • 


1-C 


acrylic powder coating material 


do • 


1-D 


epoxy powder coating material (3 
parts) activated clay (1 part) 


do. 


1-E 


epoxy powder coating material (6 
parts) diatomacious earth (1 part) 


do. 


1-F 


epoxy powder coating material (2 
parts) activated carbon (1 part) 


do. 


1-G 


epoxy powder coating material (1 
part) activated alumina (1 part) 


do. 


1-H 


none 


do. 


1-1 


denatured acrylic resin 


do. 



30 As understood from Table 1 , the inventive samples 1-A to 1-G attained excellent results in all electric char- 
acteristics. In the conventional samples 1-H and 1-1, on the other hand, the capacitor elements were impreg- 
nated with the sealing resin, and it is understood that the characteristics were significantly deteriorated by 
mechanical stress applied in the ref low tests, chemical reaction between the sealing resin and the TCNQ com- 
plex salt, and the like. 

35 Thus, when the powder coating material is mixed with inorganic powder or an inorganic compound having 
a melting point of at least 230°C, impregnation into the capacitor element is effectively reduced. If the powder 
coating material is mixed with inorganic powder or an inorganic compound having a melting point of less than 
230°C, the inorganic powder or the inorganic compound is inevitably melted by heat, exceeding 230°C, which 
is applied in a soldering step, to disadvantageous! y cause a defective sealing state or the like. 

40 

Example 2 

Example 2 is in accordance with a second embodiment of the present invention. Referring to Fig. 2, an 
aluminum case 15 contains TCNQ complex salt 16. The TCNQ complex salt 16 can be prepared from an equal- 

45 weight mixture of N-phenethyllutidinium(TCNQ) 2 and N,N-pentamethylene(lutidinium)2'(TCNQ)4, for exam- 
ple. The case 15 is heated in order to heat and melt the TCNQ complex salt at 320°C. A chemically converted 
and carbonized capacitor element 11, which is previously heated, is impregnated with the TCNQ complex salt 
16, and then quenched. Thereafter a powder coating material 19 containing no volatile dispersion medium is 
introduced into the case 15, to cover the capacitor element 11. Then, epoxy resin 17 is injected into the case 

so 15 and hardened at a temperature of 85°C, for example, which is lower than the melting temperature of the 
powder coating material 19. Thereafter the powder coating materia! 19 is heated, melted and hardened at a 
temperature of about 150°C Spaces 20 are defined between the case 15 and the capacitor element 11 as 
well as above the capacitor element 11 . Due to presence of such spaces 20, it is possible to extremely reduce 
the general problem of influence which is exerted on the element by contraction or expansion caused by ther- 

55 mal stress which is applied in a soldering step. Consequently, it is possible to suppress increase of a leakage 
current which is based on such thermal stress. 

Table 3 shows results of reflow tests which were made on inventive samples 2-A, 2-B and 2-C and con- 
ventional samples 2-D, 2-E, 2-F, 2-G and 2-H in consideration of heat generated in soldering steps for surface 
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mounting. In such ref low tests, the capacitor samples were held at 1 60°C for 2 minutes, and then held at 230°C 
for 30 seconds in ref low furnaces. Table 3 shows characteristic values of capacitors having rated voltages of 
25 V and capacities of 1 .5 uF. 



5 




Table 3 




Sample 


Leakage Current Before 


Leakage Current After 


10 




Test (nA/after 1 min.) 


Test (uA/after 1 min.) 




2 -A 


0.04 


0.65 


15 


2— B 


0 - OS 


n a q 




2-C 


0.04 


0 53 


20 


2-D 


0.05 


107 




2-E 


0.06 


18.6 


25 


2-F 


0.04 


9.6 




2-G 


0.05 


8.9 


30 . 








2-H 


0.05 


9.3 



Table 4 shows materials for powder coating layers 1 9 and sealing resin layers 17 in relation to the respec- 
tive samples. 



40 



45 



50 



55 
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Table 4 



5 


Sample 


Powder Coating Layer 


Sealing 
Resin Layer 




2 -A 


epoxy powder coating material 
/not heated/melted before 
hardening of sealing resin layer) 


epoxy resin 


10 


2-B 


polyester powder coating material 

(not heated/melted before 
hardening of sealing resin layer) 


do. 


15 


2-C 


acrylic powder coating material 
(not heated/melted before 
hardening of sealing resin layer) 


do. 




2-D 


denatured acrylic resin 


do. 




2-E 


urethane resin 


do. 


20 


2-F 


epoxy powder coating material 
(heated/melted/hardened before 
hardening of sealing resin layer) 


do. 


25 


2-G 


polyester powder coating 
material ( heated/melted/hardened 
before hardening of sealing resin 
layer) 


do. 


30 


2-H 


acrylic powder coating material 
(heated/melted/hardened before 
hardening of sealing resin layer) 


do. 



It is dearly understood from Table 3 that the inventive samples 2-A, 2-B and 2-C exhibited excellent leak- 
35 age current characteristics after soldering. In the conventional samples 2-D to 2-H, on the other hand, the leak- 
age current characteristics were significantly deteriorated conceivably because of mechanical stress applied 
on the powder coating layers. 

Example 3 

40 

Example 3 is in accordance with a third embodiment of the present invention. The third embodiment is 
preferably applied to a high-voltage and high-capacitance solid electrolytic capacitor with organic semiconduc- 
tor, i.e., a high CV product capacitor, having a rated voltage of 25 V and a rated capacitance of 3.3 uF, for ex- 
ample. According to this embodiment, it is possible to attain improvement of heat resistance, which is strongly 

45 required for such a high CV product capacitor. 

Referring again to Fig. 1 , TCNQ complex salt 6 is introduced into a case 5 of aluminum. The TCNQ complex 
salt 6 may be prepared from that employed in Example 1 or 2, for example. This TCNQ complex salt 6 is heated 
to 320°C and melted. A chemically converted and carbonized capacitor element 1 , which is previously heated, 
is dipped in the melted TCNQ complex salt 6. The TCNQ complex salt 6 is impregnated into the capacitor ele- 

50 ment 1, and quenched. Thereafter a polyester powder coating material 9, for example, is introduced into the 
case 5, to cover the capacitor element 1 . The powder coating material 9 is melted under steam conditions shown 
in Table 5, and hardened. Thereafter the powder coating layer 9 is covered with epoxy resin 7, which seals an 
opening portion of the case 5. 

55 
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Table 5 



5 


Sample 


Steam 


Leaving Time 




3 -A 


1 atm. 


6 h. 


10 


3-B 


2 atm. 


4 h. 




3-C 


3 atm. 


0.5 h. 



Table 6 shows results of ref low tests which were made on the samples of capacitors prepared according 
15 to the third embodiment and a comparative sample. The reflow tests were made under conditions of 160°C 
for 2 minutes and 230°C for 30 seconds in reflow furnaces. 



Table 6 



Sample 


Leakage Current 

Before Test 
(uA/after 1 min. ) 


Leakage Current 

After Test 
(uA/after 1 min.) 


3-A 


0.66 


4.9 


3-B 


0.68 


5.2 


3-C 


0.59 


5.1 


3-D 


0.71 


106 



35 

Each capacitor shown in Table 6 had a rated voltage of 25 V and a capacitance of 3.3 nF. The samples 3- 
A to 3-C were prepared according to the third embodiment, while the sample 3-D was prepared from a con- 
ventional capacitor. The inventive samples 3-A to 3-C attained excellent results in relation to leakage current 
characteristics after soldering. On the other hand, it is understood that the leakage current characteristic of 

40 the conventional sample 3-D was significantly deteriorated. 

According to the third embodiment, as hereinabove described, the capacitor element is impregnated with 
the heated and liquefied TCNQ complex salt, cooled and solidified, and thereafter covered with the powder 
coating material, which in turn is melted and hardened under steam of at least 1 atm. Under such steam of at 
least 1 atm., the atmosphere temperature exceeds 100°C, to melt the powder coating material. In general, such 

45 a powder coating material is prepared from high polymers having high degrees of polymerization. Therefore, 
it is conceivable that the powder coating material is melted and hardened under steam of at least 1 atm. in 
such a state that water molecules are introduced between the high polymers. Thus, it is predicted that the water 
molecules act on the TCNQ complex salt such that supposedly TCNQ, a radical part in the TCNQ complex 
salt, for example, induces disproportionation by Joule heat or the like, to form P-phenylenedimalononitrile. It 

so is aJso conceivable that y-Af 2 0 3 H 2 O (boehmite) or the like is formed on the anodic oxide film of the capacitor 
element by the action of the high-pressure steam, to seal a defective portion of the oxide film. The leakage 
current is extremely reduced after high-temperature soldering conceivably for such reason. 

Although the present invention has been described and illustrated in detail, it is clearly understood that 
the same is by way of illustration and example only and is not to be taken by way of limitation, the scope of 

55 the present invention being limited only by the terms of the appended claims. 
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Claims 

1. A solid electrolytic capacitor with an organic semiconductor electrolyte, comprising: 

a capacitor element (1) formed by inserting a separator sheet between an anode foil member being pro- 

5 vided with an oxide film on its surface and a cathode foil member and rolling this material; 

a solid electrolyte layer formed by heating and melting TCIMQ complex salt (6) having electrical conduc- 
tivity being applicable to an electrolyte for a capacitor, impregnating said TCNQ complex salt into said 
capacitor element and thereafter cooling and solidifying the same; and a case (5, 15) provided for the 
capacitor element (1) the opening portion of which is sealed by 

10 a sealing resin layer (7) for sealing said capacitor element, 

characterized by a powder coating layer (9) formed to cover an upper portion of said capacitor element 
(1); and 

said sealing resin layer (7) covering said powder coating layer (9); the cathode foil member of the capacitor 
element (1) being made of the same metal as said anode foil. 



15 



40 



45 



Asolid electrolytic capacitor in accordance with claim 1 , wherein said oxide film of said anode foil member 
is formed by anodized forming. 



3. A solid electrolytic capacitor in accordance with claim 1 , wherein said oxide film of said anode foil member 
20 is formed by anode chemical conversion. 

4. Asolid electrolytic capacitor in accordance with claim 1 , wherein said anode foil member and said cathode 
foil member are prepared from a metal having a valve action. 

5. A solid electrolytic capacitor in accordance with claim 4, wherein said metal is selected from a group of 
25 aluminum, tantalum and niobium. 

6. A solid electrolytic capacitor in accordance with claim 1, wherein said powder coating layer contains in- 
organic powder having a melting point of at least 230°C. 

30 7. A solid electrolytic capacitor in accordance with claim 6, wherein said inorganic powder is prepared from 
at least one element selected from a group of activated clay, activated carbon, diatomaceous earth and 
activated alumina. 

8. A solid electrolytic capacitor in accordance with claim 1, wherein said powder coating layer (9) contains 
35 an Inorganic compound. 

9. Asolid electrolytic capacitor in accordance with claim 1 , wherein the material for said powder coating layer 
(9) is selected from a group of epoxy resin, acrylic resin and polyester resin. 



10. A solid electrolytic capacitor in accordance with claim 1, wherein said TCNQ complex salt forming said 
solid electrolyte layer is prepared from a mixture of N-phenethyllutidinium(TCNQ) 2 and N,N-pentamethy- 
lene(lutidinium) 2 (TCNQ) 4 . 

11. A solid electrolytic capacitor in accordance with claim 1 , wherein said sealing resin layer (7) is made of 
epoxy resin. 



1 2. A method of manufacturing a solid electrolytic capacitor with an organic semiconductor electrolyte, com- 
prising the steps of: 

preparing a capacitor element (1) by inserting a separator sheet between an anode foil member and a 
cathode foil member which is made of the same metal as the anode foil and rolling this material; 
50 heating and melting in a case (5, 1 5) for the capacitor element (1 ) a TCNQ complex salt (6) having electrical 

conductivity being applicable to an electrolyte for a capacitor and impregnating the same into said ca- 
pacitor element (1); 

forming a solid electrolyte layer by cooling and solidifying said Impregnated TCNQ complex salt (6); 
forming a powder coating layer (9) covering an upper portion of said capacitor element (1); and 
55 forming a sealing resin layer (7) covering said powder coating layer (9) and sealing said capacitor element 

(1). 

13. A method of manufacturing a solid electrolytic capacitor in accordance with claim 12, wherein said step 
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of forming a powder coating layer (9) comprises a step of forming said powder coating layer from a powder 
coating material mixed with inorganic powder or an inorganic compound. 

14. A method of manufacturing a solid electrolytic capacitor in accordance with claim 13, wherein said inor- 
ganic powder is prepared from at least one element selected from a group of activated clay, activated 
carbon, diatomaceous earth and activated alumina. 

15. A method of manufacturing a solid electrolytic capacitor in accordance with claim 12, wherein said step 
of forming a sealing resin layer (7) comprises a step of heating and hardening said sealing resin layer (7) 
at a temperature lower than the melting temperature of said powder coating material and thereafter heat- 
ing, melting and hardening said powder coating layer (9). 

16. A method of manufacturing a solid electrolytic capacitor in accordance with claim 12, wherein said step 
of forming a powder coating layer (9) comprises a step of melting said powder coating layer (9) with steam 
of at least 1 atm. 



Patentanspruche 

1 . Festelektrolytkondensator mit einem organischen Halbleiterelektroyt, mit: 

Einem Kondensatorelement (1), das durch Einsetzen eines Trennblattes zwischen ein Anode nfolienele- 
ment, das an seiner Oberf lache mit einem Oxidf ilm versehen ist, und ein Kathodenfolienelement, und Auf- 
rolien dieses Materials, gebildet ist; 

einerfesten Elektrolytschicht, die durch Erhitzen und Schmelzen von TCNQ-Komplex-Salz (6), das eine 
elektrische Leitfahigkeit hat, die fureinen Elektrolytfureinen Kondensator anwendbar ist, Impragnieren 
des TCNQ-Komplex-Salzes in dem Kondensatorelement und nachfolgendes Abkuhlen und Festwerden 
desselben, gebildet ist ; und 

einem Gehause (5, 15), das fur das Kondensatorelement (1) vorgesehen ist, dessen Offnungsteil durch 
eine Abdichtharzschicht (7) zum Abdichten des Kondensatorelementes abgedichtet ist, 
dadurch gekennzeichnet, daft eine Pulverabdeckschicht (9) ausgebildet ist, urn einen oberen Teil des 
Kondensatorelementes (1) abzudecken; und die Dichtharzschicht (7) die Pulverabdeckschicht (9) ab- 
deckt; und das Kathodenfolienelement des Kondensatorelementes (1) aus dem gleichen Metall wie die 
Anodenfolie hergestellt ist. 

2. Festelektrolytkondensator nach Anspruch 1, wobei der Oxidf ilm des Anode nfolienelementes durch ein 
Eloxierverfahren hergestellt ist 

3. Festelektrolytkondensator nach Anspruch 1 , wobei der Oxidf ilm des Anodenfolienelementes durch che- 
mische Anodenumwandlung gebildet ist. 

4. Festelektrolytkondensator nach Anspruch 1 , wobei das Anodenfolienelement und das Kathodenfolienele- 
ment aus einem Metall hergestellt sind, das eine Sperrwirkung hat. 

5. Festelektrolytkondensator nach Anspruch 4, wobei das Metall aus einer Gruppe, bestehend aus Alumi- 
nium, Tantal und Niob, ausgewahlt ist. 

6. Festelektrolytkondensator nach Anspruch 1 , wobei die Pulverabdeckschicht anorganisches Pulver mit ei- 
nem Schmelzpunkt von wenigstens 230°C enthalt 

7. Festelektrolytkondensator nach Anspruch 6, wobei das anorganische Pulver aus wenigstens einem Ele- 
ment hergestellt ist, gewahlt aus einer Gruppe, bestehend aus Aktivton, Aktivkohle, Kieselgur und Aktiv- 
aluminium. 

8. Festelektrolytkondensator nach Anspruch 1, wobei die Pulverabdeckschicht (9) eine anorganische Ver- 
bindung aufweist 

9. Festelektrolytkondensator nach Anspruch 1 , wobei das Material fur die Pulverabdeckschicht (9) aus einer 
Gruppe bestehend aus Epoxydharz, Acrylharz und Polyesterharz ausgewShlt ist 

10. Festelektrolytkondensator nach Anspruch 1, wobei das TCNQ-Komplex-Salz, welches die 
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Festelektrolytschicht bildet, aus einem Gemisch aus N-phenethyllutidin • (TCNQ) 2 und N,N-pentamethy- 
len . (Lutidin) 2 . (TCNQ) 4 hergestellt ist. 

11. Festelektrolytkondensator nach Anspruch 1, wobeidie Abdichtharzschicht(7) aus Epoxydharz hergestellt 



12. Verfahren zur Herstellung eines Festelektrolytkondensators mlt einem organischen Halbleiterelektrolyt, 
mit den Schritten: 

Herstellen eines Kondensatorelementes (1) durch Einsetzen eines Trennblattes zwischen ein Anodenfo- 
10 lienelement und ein Kathodenfolienelement, das aus dem gleichen Metal! wie die Anodenfolie hergestellt 

ist, und Rollen dieses Materials; 

Erhitzen und Schmelzen eines TCNQ-Komplex-Salzes (6) das eine elektrische Leitfahigkeit hat, die bei 
einem Elektrolyt fur einen Kondensator anwendbar ist, in einem Gehause (5, 15) fur das Kondensator- 
element (1), und Impragnieren des Kondensatorelementes mit dem TCNQ-Komplex-Salz; 
15 Erzeugen einer Festelektrolytschicht durch Abkuhlen und Festwerdenlassen des imprSgnierten TCNQ- 

Komplex-Salzes (6); 

Erzeugen einer Pulverabdeckschicht (9), die einen oberen Teil des Kondensatorelementes (1) abdeckt; 
und 

Erzeugen einer Abdichtharzschicht (7), die die Pulverabdeckschicht (9) abdeckt und das Kondensator- 
2Q element (1) abdlchtet. 

1 3. Verfahren zum Herstellen eines Festelektrolytkondensators nach Abspruch 12, wobei der Schritt des Er- 
zeugens einer Pulverabdeckschicht (9) einen Schritt des Erzeugens der Pulverabdeckschicht aus einem 
Pulverbeschichtungsmaterialvermischt mit anorganischenPulveroder einem anorganischen Bestandteil, 
aufweist. 

25 

14. Verfahren zum Herstellen eines Festelektrolytkondensators nach Anspruch 13, wobei das anorganische 
Pulver aus wenigstens einem Element, ausgewahlt aus der Gruppe, bestehend aus Aktrvton, Aktivkohle, 
Kieselgur und Aktivaluminium, hergestellt ist. 

30 15. Verfahren zum Herstellen eines Festelektrolytkondensators gemSB Anspruchs 12, wobei der Schritt des 
Erzeugens einer Abdichtharzschicht (7) einen Schritt des ErwaYmens und Aushartens der Abdichtharz- 
schicht (7) bei einer Temperatur niedriger als die Schmelztemperatur des Pulverbeschichtungsmaterials, 
und nachfolgenden ErwSrmens, Schmelzens und Aushartens der Pulverabdeckschicht (9), aufweist. 

35 16. Verfahren zum Herstellen eines Festelektrolytkondensators gemaR Anspruch 12, wobei der Schritt des 
Erzeugens einer Pulverabdeckschicht (9) einen Schritt des Schmelzens der Pulverabdeckschicht (9) mit 
Dampf von wenigstens 1 atm, umfaBt. 



40 Revendications 

1. Condensateur a electrolyte solide comportant un electrolyte a semi-conducteur organique comprenant : 

un element de condensateur (1) forme en insurant une feu i lie de separation entre un element de 
feuille d'anode qui est muni d'un film d'oxyde sur sa surface et un Element de feuille de cathode et en 
45 roulant ce materiau ; 

une couche d'electrolyte solide formed par chauffage et fusion d'un sel de complexe de TCNQ (6) 
presentant une conductivity electrique qui est applicable a un Electrolyte pour un condensateur, par im- 
pregnation dudit sel de complexe de TCNQ dans ledit element de condensateur et par la suite refroidis- 
sement et solidification de celui-ci; et 
50 un Dottier (5, 15) prevu pour I'element de condensateur (1) dont la partie d'ouverture est fermee 

par une couche de resine d'enfermement (7) pour feimer ledit element de condensateur, 

caracterise par une couche de revdtement de poudre (9) formee pour couvrir une partie superieure 
dudit element de condensateur (1); ladite couche de lysine d'enfermement (7) recouvrant ladite couche 
de revEtement de poudre (9); Tenement de feuille de cathode dudit Element de condensateur (1 ) Etant cons- 
55 tituE du meme metal que ladite feuille d'anode. 

2. Condensateur a Electrolyte solide selon la revendication 1, dans lequel ledit film d'oxyde dudit Element 
de feuille d'anode est obtenu par formage anodisE. 
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3. Condensateur a Electrolyte solide selon la revendication 1, dans lequel ledit film d'oxyde dudlt element 
de feuille d'anode est obtenu par transformation chimique d'anode. 

4. Condensateur a electrolyte solide selon la revendication 1, dans lequel ledit element de feuille d'anode 
et ledit element de feuille de cathode sont prepares a partir d'un metal ayant un effet de valve. 

5. Condensateur a electrolyte solide selon la revendication 4, dans lequel ledit metal est choisi dans le grou- 
ps constitue de I'aluminium, du tantale et du niobium. 

6. Condensateur a electrolyte solide selon la revendication 1 , dans lequel ladite couche de revetement de 
poudre contient une poudre inorganique ayant un point de fusion d'au moins 230°C. 

7. Condensateur a electrolyte solide selon la revendication 7, dans lequel ladite poudre inorganique est pre- 
pares a partir d'au moins un element choisi dans le groupe qui est constitue de I'argile activee, du charbon 
actif, de la terre des diatomees et de I'alumine activee. 

8. Condensateur a eieciroiyie soiide seion ia revendication i p dans iequei iadite couche de reveiemeni de 
poudre (9) contient un compose inorganique. 

9. Condensateur a electrolyte solide selon la revendication 1, dans lequel le materiau pour ladite couche de 
revetement de poudre (9) est choisi dans le groupe qui est constitue d'une resine epoxy, d'une resine acry- 
lique, et d'une resine polyester. 

10. Condensateur a electrolyte soiide selon la revendication 1, dans lequel ledit sel de complexe de TCNQ 
formant ladite couche d'electrolyte solide est prepare a partir d'un melange de N-phenethyllutidinium- 
(TCNQk etde N p N-pentamethylene (lutidinium) 2 .(TCNQ) 4 . 

11. Condensateur a electrolyte solide selon la revendication 1, dans lequel ladite couche de resine d'enfer- 
mement (7) est constituee d'une resine epoxy. 

12. Procede pour fabriquer un condensateur a electrolyte solide comportant un electrolyte a semiconducteur 
organique, comprenant les 6tapes consistant a : 

preparer un element de condensateur (1) en inserant une feuille de separation entre un element 
de feuille d'anode et un element de feuille de cathode qui est constitue du meme metal que la feuille d'ano- 
de et en roulant ce materiau; 

chauffer et fondre dans un boTtier (5, 15) pour I'element de condensateur (1) un sel de complexe 
de TCNQ (6) presentant une conductivity electrique qui est applicable a un electrolyte pour un conden- 
sateur et impregner ceiui-ci dans ledit element de condensateur (1); 

former une couche d'electrolyte solide en ref roidissant et solidif iant ledit sel de complexe de TCNQ 
impregne (6); 

former une couche de revStement de poudre (9) recouvrant une partie superieure dudit element 
de condensateur (1); et 

former une couche de resine d'enfermement (7) recouvrant iadite couche de revetement de poudre 
(9) et fermant ledit element de condensateur (1). 

1 3. Procede pour fabriquer un condensateur a electrolyte solide selon la revendication 1 2, dans lequel ladite 
etape consistant a former une couche de revetement de poudre (9) comprend une etape consistant a for- 
mer ladite couche de revetement de poudre avec un materiau de revetement de poudre melange avec 
une poudre minerals ou un compose mineral. 

1 4. Procede pour fabriquer un condensateur a electrolyte solide selon la revendication 1 3, dans lequel on pre- 
pare ladite poudre minerale a partir d'au moins un element choisi dans le groupe constitue de I'argile ac- 
tivee, du charbon actif, de la terre de diatomees et de I'alumine activee. 

1 5. Procede pour fabriquer un condensateur a electrolyte solide selon la revendication 12, dans lequel ladite 
etape consistant a former une couche de resine d'enfermement (7) comprend une etape de chauffage et 
de durcissement de ladite couche de resine d'enfermement (7) a une temperature inferieure a la tempe- 
rature de fusion dudit materiau de revetement de poudre et ensuite de chauffage, de fusion et de durcis- 
sement de ladite couche de revetement de poudre (9). 
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1 6. Procede pour fabriquer un condensateur a electrolyte solide selon la revendication 12, dans lequel ladite 
etape de formation d'une couche de revetement de poudre (9) comprend un etape conslstant a fondre 
ladite couche de revetement de poudre (9) avec la vapeur d'au moins 1 at. 
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FIG.2 
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FIG. 4 
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